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Fifth  Quartrrly  Report 


Project  59 


I,  Aims: 

The  general  aims  of  the  project  are: 

A,  To  develop  instrumentation  snitable  for  the  measurement  of  the 
flux  of  heatj  momentum,  and  water  vapor  from  the  sea  surface. 

B,  To  obtain  a sufficient  nuznber  of  measurements  of  these  fluxes 
to  draw  quantitative  conclusions  about  the  factors  involved. 

C,  To  make  and  analyze  measurements  of  turbulent  velocities  over  a 
natural  land  surface,  this  Project's  part  of  the  Air  Force  Great 
Plains  Turbulence  Field  Program. 

II.  Great  Plains  Field  Program. 

A,  Introduction.  By  amendment  to  its  contract,  dated  12  June  1953 
this  project  was  authorized  to  participate  in  the  Great  Plains  Turbulence 
Field  Program,  sponsored  by  the  Air  Force  Cambridge  Research  Center,  It 
was  held  at  O'Neill,  Nebraska  from  1 August  to  12  September  1953.  For 
backgroxmd  information  on  the  report  that  follows,  please  consult  the 
Fourth  Quarterly  Report  of  this  Project. 

B,  Woods  Hole  Eoulpraent.  After  rather  extended  administra^ve  cor* 
respondence,  the  affair  of  the  irreparable  damage  in  shipping  to  the  Woods 
Hole  Fluxmeter  has  been  brought  to  a close,  giving  satisfaction,  it  is 
feared,  to  none  of  the  parties  involved.  The  xmfortuxuite  loss  of  time  and 
materl^  can  be  blamed  on  no  Individual;  it  is  to  be  hoped  that  the  ex- 
perience gained  in  this  misadventure  will  ultimately  offset  the  loss. 

C,  Data  Processing.  The  task  of  tr«uisf erring  data  from  strip  charts  to 
IBII  punched  cards  has  been  completed,  axui  the  vast  bull?  of  the  necessary  coro- 
pitations  have  been  performed.  To  give  some  concept  of  the  magnitude  of 
this  undertaking,  it  may  be  mentioned  that  some  20,000  data  cards  have  been 
punched,  each  bearing  ^*e  date  and  time  of  the  observations,  an  identifying 
serial  number,  and  two  sets  of  two  digit  numbers.  About  200,00  arithmetical 
operations  have  been  performed.  At  present  the  results  of  the  computations 
are  being  tabulated  for  analysis  and  publication.  Further  co»?)Utati.ons 

of  more  advanced  type  must  await  careful  evaluatioh  of  the  data, 

HI.  Instrumen:..:tlon. 

The  watt-hour  meters  that  form  the  central  computing  system  of  the 
flu::  meter  system  described  in  earlier  reports  have  been  delivered.  It  was 


round  that  their  characteristics  in  lo  way  correspond  to  those  supplied 
by  the  raanut?acturer  before  delivery.  As  a result,  the  equiptnent  which  had 
been  made  tf>  fit  the  original  specifications  must  be  modified.  This  is 
being  dcnc  at  present.  It  is  believed  that  this  change  will  have  no  effect 
on  the  eventual  function  of  the  instrument. 

Analysis  of  the  data  obtained  during  the  simimer  at  O’Neill,  Nebrask?*, 
has  Indicated  the  desirability  of  construction  of  a somevdiat  more  sopiiisti- 
cated  form  of  observing  head  idiich  will  be  ’oseful  over  a eom  ndiat  greater 
range  of  atmospheric  conditions  than  the  one  preijently  in  aee.  For  back- 
ground on  tiie  discussion  to  follow  please  refer  bo  tne  First  Quarterly 
Report  of  tliis  Project, 

In  t>xat  report  it  was  shown  that  the  Instantaneous  pressure  developed 
by  a rotating  arm  anemometer  as  described  is  given  by 

i-  uj  f(\j Ricu<^  f 
P-  / P- 


where  p is  the  air  density,  o»  is  the  soigular  velocity  of  the  rotating  arm, 
R is  the  radius  from  the  axis  of  rotation  to  the  hole  in  the  ana,  ^ is 
the  angle  of  the  wind  in  the  vertical  and  V is  its  vector  speed,  t is  time. 

let  us  now  bidrig  in  a second  rotating  ana,  rotating  at’  ■the  same  speed 
as  the  first  about  the  same  axis,  but  in  the  opposite  sense.  This  will 
produce  a fluctuating  pressure  of  form  identical  to  that  above,  but  with 
the  sign  of  the  angular  velocity  reversed, 

— )L — A-  <p  A ux 


The  difference  of  these  tiro  pressures  may  be  measured  by  •the  same 
transducer  used  to  measure  the  single  pressure.  It  is  found  to  be  sinply 


If  we  now  operate  on  this  quantity  as  previously,  multiplying  it  by 
uyt  and  integrating  witbi  respect  to  time. 


- cut:  6^^  fZ  V 4 ■='  C M R. 
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>ihere  "w  is  the  vertical  velocity, 

Itiltiplication  byTe^  and  integration  yields 

■y  j ~Tc^  V /O-w  ~ lO 

vdiere  ~Q  uj-T^  Is  the  vertical  heat  flux, 

Hultipication  by  sin  A.<<jt;and  integration  yields 

- --  - ~ - ^ 
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where the  flux  of  momentum  or  the  shearing  stress. 

This  form  of  construction  >?ould  appear  from  the  analysis  above  to 
be  considerably  superior  to  the  simpler  one-arm  construction  that  has  al- 
ready been  found  fairly  satisfactory.  This  superiox'ity  arises  from  the 
lack  of  interfering  signals  to  be  integrated  by  the  electronic  integrator, 
and  because  of  cancellation  of  error  signals  produced  by  such  effects  as 
the  instrument  rotating  partially  in  its  own  wake.  This  latter  effect 
became  significant  in  the  original  instrument  at  low  wind  velocities. 

Mechanical  sinqjlicity  must  be  sacrificed,  however,  for  the  mathematical 
and  operational  elegance  of  function,  A high-speed  counter-rotating  coaxial 
drive  with  provision  for  conduction,  of  pressure  down  concentrin’  hollow 
shafts  is  being  designed,  and  construction  will  begin  presently, 

IV,  Administrative 

Toward  the  end  of  this  period  some  doubt  attended  the  fate  of  'this 
Project.  Initially  it  was  understood  that  the  research  would  extend  over 
two  years,  the  first  year  to  be  devoted  to  instrument  development,  the 
second  to  an  observation  program.  Inasmuch  as  no  woxk  had  been  done  on  the 
Project  during  its  first  few  months  because  of  an  imexpecbed  personnel 
shortage,  extension  without  additional  funds  was  granted  to  the  end  of 
calender  19^3,  with  renewal  anticipated  at  that  date. 

However,  the  proposal  for  renewal  was  not  granted,  and  it  appeared 
as  if  the  project  would  terminate  at  the  end  of  the  period  covered  by 
■thiB  report,  with  part  of  the  work  lnconQ>lete.  Toward  the  end  of  the  period, 
a proposal  was  made  for  a no  additional  funds  time  extension  to  permit 
combination  of  the  work  of  this  project  with  another  similar  project  to  be 
undertaken  by  the  same  personnel.  This  report  and  work  on  the  project 
after  the  end  of  period  covered  by  this  report  was’  held  in  abeyance  until 
formal  notification  of  this  extension  was  received. 
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V,  Personnel 

Dr.  Eiichi  Inoue^  internationally  recognized  authority  on  the 
theory  of  atmosplieric  turbxilence,  Joined  this  project  on  7 October* 

He  is  on  leave  from  the  National  I^tltute  of  Agricultural  Science?!, 
Tokyo,  Japan.  A biography  is  appended. 

Mr.  Hebert  L.  Smith,  statistician.  Joined  the  project  on  a part«> 
time  basis  on  1 Odeber;  ho  is  supervising  the  punched-card  processing 
of  the  0» Neill  data. 
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